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CHAPTER 1 
INTRODUCTION 


Low frequency (1 Hs - 100 Hs) relaxation oscillators 
find many applications. For example, the most vital part 
of an electronic wrist -watch or a cardiac pace-maker Is a 
stable low-frequency oscillator. Such oscillators are also 
used In the firing circuits of SCRs in power electronics 

applications and industrial timers . 

// 

V </The presented work is an attempt to investigate relia- 

:*.v .. \p> r-J: 

ble and stable low frequency oscillators for these applica- 
tions. major requirement® of such an oscillators are: 
small sise, low power consumption, frequency stability with 
respect to ambient temperature and power supply voltage and 
simplicity of circuit for higher reliability and low cost. Y 

Oscillator circuits baaed on two terminal negative re- 
sistance devices are well known for their simplicity. Thus, 
the use of a negative resistance device is considered in 
detail for application as a relaxation oscillator, to meet 
these requirements. 

A current controlled negative resistance device is pre- 
ferred over a voltage controlled negative resistance device 
since the former requires a capacitor for oscillations whereas 
the latter needs an inductor. 

J Small also can readily be achieved by fabricating the 
circuit in integrated circuit form (except for the timing 
elements ) Y 

1 
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Jfo* present day technique of obtaining stable low 
frequency oscillations Is to start with a stable crystal 
oscillator* This require® a rather complex count-down 
circuitry Cl3 C23 *f The aim of the project is to design 
relaxation oscillators which oscillate in the rage lift* 

K» < $V 

This obviates the need for count-down circuit a «r 

The stability in frequency that can be achieved by 
this direct method is investigated with the view to deter- 
mine the limits that can be achieved.^ In other words, the 
causes of instability are examined in detail and compensa- 
tion schemes are tried to reduce sensitivity of frequency 
with respect to variation in circuit parameters arising 
from changes in ambient temperature and power supply voltages 



CHAPTER 2 

1 ELAXATXOM OSCILLATOR 

21 Piece-wise Linear Current-Controlled Negative Realgtanott 
Let us assume that we have a piece-wise linear current 
controlled negative resistance device (CCMR) whose terminal 
characteristics are shown in Figure (2.1). Ub is well known 
that relaxation oscillations are readily obtained by using 
the NR device in the circuit configuration shown in Figure 
(2.2). The period of oscillations of the eireult is derived 
in terms of the circuit and device parameters . 

2.2 Bias Condition ' 

The supply voltage E and resistance R^ are chosen in 
such a way that the load line intersects the characteristics 
at a single point Q (Figure 2.1) on the negative resistance 
region of the characteristics. Since, at the point Q, the 
circuit is unstable, a small perturbation will cause the circuit 
to oscillate and the trajectory of the operating point will be 
as shown in Figure (2.1* (A B C P A). In other words, the point 
of operation will move along this trajectory. The time taken 
for one period will now be evaluated in terms of the time taken 
for the operating point to traverse the segments AB, BB, CP and PA. 
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PIECE* WISE LINEAR CCNR C H Aft AG TER I ST ! C S 
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It can be seen that the circuit switches rather abruptly 
from B to C and from D to A. These switching times are rela- 
tively small and are neglected In the analysis. 

When the operating point la traversing the segment MM, 
the device can be replaced by a simple equivalent circuit shown 
in Figure (2.3) and the time T^, taken by the operating point 
to move from A to * is obtained as follows i 


Let » 
eq 


V x R x 

*T* \ 


and 


R 1 * % 
R 1 +r 2 



for a circuit with a single time constant. 


«** ■ V flml + ^initial - T fi»al>»' t/T 


where t is time constant of the circuit. 
With reference to Figure (2.1) set 


( 2 . 2 ) 


¥ - Y v f or t - 0 and IT - V #(J for t - • 

Thus 

▼<t) * V eq + (V w - V eq )e~ t/CR ® <1 

If the time token for the operating point to traverse the 
segment AB Is T x * we can write 

v p * v .< + (v . - V' v<c W 
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Similarly for the sapient %• the device can he repl need 
by a resistance Kg to parallel with a current source of sagni- 
tude I e , The equivalent circuit of the device is shorn to 
Figure {2.4). 

Ifeere 








Kr * % 

fi § «s» ■*® *s» 

% ♦ R 2 

Again using Equation $2.2) and setting 

» • I *t t » 0 and v » V* at t * <* 
P eq 

we get 


C2.*> 


»(« * T^ q ♦ (T p - v ^)* _t/cR eq' 

If Tg la the time taken by the operating point to traverse 
the segment CD, we can, write 


V. - ».,* ♦ (T. - V_.).' VcR - * 


•* 


«q 


©T 


T n - T * 

T* «CKeq* In (-JE lSL_ , 

2 _ w #1 


(2*5) 


Hir - 

The period of ©acillatlons ? » Tj ♦ will be given by 


* . ea., to ( * ea.,. to CllJjsl 

*v- *eq 


( 2 * 6 ) 


If * stable relaxation oscillator is to be obtained it will 
be necessary for the period to be insensitive to variation in 
the sab l en t temperature and variation in the supply voltage* 
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31*8 Effect of Variation of Supply Voltage 
Pros Equation {2*3) 


% * CR^q la' 


¥*„ - ¥, 


•« 


If V T tatf ¥ p arc of tli® for® 


R*V 


^ “ % V * *p - V «* V ®q * W*Z~ m K 3 V * 


1# - S*¥ 
% * CR eq ln Cjg^-~) 


x, - x t ) 
m *q ln Cs t^Tir > 


(2*t) 


The value of V^* is. terms of R 2 #%*R£,»¥p*¥y end ¥ Is 
determined below. 

From Figure (2*1) 7^’ Is the point of intersection 
of lines representing and the loadlin* R^. Equation 
for the load line % is 

? » 7 - 1 i ^ (2*8) 

Mow 


*v 



Tp 
4 ££ 


Therefore Equation for the segment CD is given by 


m m Vf ♦ Cl *■* ( ll "^‘ l u^" 1 "" * S 3 * )3 % (2*9) 

Solving Equation (2*8) and (2*93 simultaneously and 
eliminating i we get the sale® of 



Since, Rg, % and &r© fixed and and Vp are jpnroportional 
to *«Wly voltage V, W @q* can be expressed as 
T«d* * r^V 

aabstittttliiE for ? p ,V v and Veq* la Equation (2.5) we set 

JC^ *** lCj| 

*2 * “V 1“ qTkT <2,W> 

Total tine period trm Equation (2,?) and (2.10) 

T * Tj ♦ T 2 

Ejs—S?# 

- CKmq la ♦ CReq* la (2.11) 

If led# led* *»d C are constant It can be seen that 
supply voltage varlati on will not effect the period of 
oscillation. 

2.5 Effect of Variation of TCmncratays 

It la clear frost Ideations (2.6) (2.1), (2.*) that 
c » R i end t 2 should have a very low tenperature coefficients 
to obtain a stable oscillator. 

Th« talata design of a elrealt with a piece-wise 
linear I-w characteristics where T p ,V v #R i# l 2 and % are 
controlled extrenally will new be discussed. 



2.6 Basic Wcgatlve X s pedanoe Convertor 

A slaple circuit configuration C33 Is shown In 
figure (2.5). The Input current I forma the emitter 
currant of the transistor Tj* I dependent current 
source (X C 2 • nl e ^> whose magnitude Is Itectrlf related 
to the collector current of the translator is 
Ci tsined by the diode-transistor e«s*ti»tlon ® 2*^2 * 

arrangement where the diode Is a diode connected. has 

A 

temperature compensating features and is widely used in 
the integrated circuits. This combination is widely 
known as the current mirror* The additional diode 
Borneo ted transistor Dj compensates for the voltage drop 
across the emitter-base lunation of the transistor T 1# 
provided the transistors are identical and the current 
through diode is equal to the Input current X» Under 
these conditions , the voltaic across the input and output 
parts will be equal* resulting in current inversion type 
negative Impedance Converter (MIC) . 

2.? i-Y Characteristics 

The I-v characteristics of Jilt?* looking into node A 
can be studied by assuming a current I, flowing into the 
node A. neglecting (for the tine being)* the voltage 
drops across the resistor Kg and the diode % due to 
the leakage currents of the reverse-biased collector- 
base Junctions of Tj and T 2 » the potential at the base 
of the transistor 7^ is ¥y. As long as the voltage at 
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Simple nic circuit 
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\ 
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% 
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th* node A is less than 7 pg the emitted tse Junction 
of the translator T* is reverse biased and the transistor 
is cut off* Thus, except for leakage currents, there 
is m currenfc flowing in the diode r>2 and hence no current 
flows in the translator T 2 as well, neglecting the 
reverse saturation current of the emitter-base Junction 
of T 1# the i-v characteristics upto a voltage Vp is 
represented by the secernent IS (Figure 2.6*). 

tfhen the voltage at the node A goes above Vp, the 
emitter-base Junction of the transistor T^ is forward 
biased and the collector current of flows through 
diode Dg which turns on the transistor Tg* 

If the diode-connected transistor D 2 and the 
transistor Tg are matched then 

( 2 . 1 !) 

where $ is common-emitter current gain of the npn transis- 
tors. 

It is clear that as I Is made to increase , Xg increases 
proportionately . Since the voltage at node B is (V p -Ig Bg) , 
it continues to fall as IgCnJL^) Increases i till the transla- 
tors saturate • If equal currents flow through &£ and T% 
and if and emitter-base Junction of T^ are matched, the 
voltage at the node A will be equal to voltage at node 3. 




Hence the i~v characteristics of the device after 
the transistors conduct are represented by sapient STU 
(Figure 2.6B) . If the base current of the transistors 
Tj and *? 2 are neglected, Ig will be ©uqal to 1 and the 
resistance mi % will appear as a negative resistance of 
magnitude at the input port. 

A complementary circuit arrangement is shown in 
Figure (2.7A). It can be easily seen that, looking at 
the nods C, the circuit will have the terminal character- 
istics given in Figure (2.7 B). 

2.8 |w Terminal Current-Control le d negative Resistance 
ISteHce 

The circuits of Figures (2.6A) and (2.7A) can be 
combined as shown in Figure (2.8 a) to obtain a current- 
controlled negative resistance (CCHB) device. It is 
assumed that Vj, » V T and B^ > Ip. 

2.9 1-v Characteristics 

As I is increased from aero, circuit (2) remains cut 
off (Vp being greater than V v ) till the voltage at node B 
falls below V T , As the input currant is increased further 
the potential at nodes A and B will go below Y v and the 
circuit (2) becomes active and the net resistance (R) from 
node B is given by 


n ■ 


3L*M 


(2.13) 


If Rjl > Bp, R is a negative resitanee which appears 
as a positive resitanee at node A (Figure 2.8A) . 



TIi* circuit* thm 9 will fmwm fch* ehract*rl*ties 


shown In Figure 



CHAPTER 3 


CIRCUIT REALIZATION 
3*1 Choice of Devices 

The CCNR device shown In Figure (3*1) was constructed 
with monolithic transistor arrays CA 3083 for npn transis- 
tors and CA 3084 for pnp transistors. These arrays provide 
matched devices on the same chip which ensure dose thermal 
coupling and hence tracking of device parameters with 
temperature . The specifications of these are given in 
Appendix A* Precision metal film resistors are used to 
control the characteristics as well as defining V p and V T » 
3*2 Overshoot Around ffp 

In our earlier qualitative description of the circuit 
behaviour given In Section 1.31, we had neglected the 
leakage currents as well as the base currents of the 
transistors . Now we shall examine the influence of these 
currents. 

With reference to Figure (J.2A) the reverse satura- 
tion current I^j and I^ of the collector-base junctions 
of the transistors T x and T 2 flow as shown explicitly 
In the figure* The sum of these currents flow in the diode 
D 2 « This results in an equal emitter current in T 2 * The 
corresponding collector current as well as (XCO^ + Iqoz) 
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to 

flow through forward -biasing it slightly. When the 

voltage at the node A reaches a value when the transis- 
tor Just starts conducting, its a is low and hence 
under these conditions the base current of T^ tends to 
be large proportion and very little collector current 
would flow. Thus if 1 B1 is greater than ICg, the diode 
will be reverse biased making the input voltage 
Increase beyond V p . As the input current I increases, 
the « of improves, so that eventually becomes 
equal to 1q2 (Figure 2.2k), Beyond this point the diode 
$2, will be forward biased and the circuit will operate 
as explained in Section 1.21. In other words , the prac- 
tical characteristics will be as shown in Figure (j?.2B). 

A large resltanoe (chosen experimentally) is connec- 
ted as s town in Figure (3.1) which will slightly forward bias the 
diode so that for low values of I, the diode never gets 
a chance to get reverse biased. This removes the over-shoot 
in the characteristics beyond V p . Similarly the resistor 
R 2 removes the overshoot around the valley point. 

3*3 Stabilisation and Experimental Arrangement 

It is well known [53 that small stray capacitances 
introduced between the node A and ground (due to test 
equipment connected at the node A) will make the circuit 
unstable . A simple way of stabilising the circuit for 
plotting terminal i-v characteristics is to connect capa- 
citors Cj and C 2 as shown in Ifglxc Figure (3.1). The 
plots art obtained using the arrangement shown in Figure 



(3*26) and applying slowly varying currents so as to 
asst tits quasl-statle condition which makes ths eapaeltor 
eurrsnts due to C* and Cg negligibly snail. 

Effect of Variation of V P and Vs 
ths peak voltage can be controlled by ths variable 
power supply Vj>, whown in Figure 3.1. Experimental results 
obtained by varying Vp are shown in Figure (3*3)* 

Similarly, valley voltage is controlled by varying 
variable power supply V T and Figure (3.*) shows the 
experimental results. 


3*5 Effect of Variation of Rw 

the slope of the negative resistance region can be 
varied by changing the value of % (Figure 3*5). Ths value 
of negative resitanee as Measured fro® the i-v characteris- 
tics Is in agreement with that predicted vy Equation 3L.12. 

3.6 Effect of Variation of Re 

the slope of the positive resistance region of i-v 
characteristics can be controlled by varying Rp. Experi- 
mental evidence to this effect is shown in Figure 3.6. 

Xt is observed that the characteristics are non-linear 
in this region* Xt is due to the reason that transistor t| 
(Figure 2.1) is a lateral pnp device with low *, (of the 
order of 10), therefore the gain of the current mirror is highly 
8 dependent. Sines $ of the transistor varies with current 
level as well as the collector-base reverse bias voltage, the 
current gain is not constant and hence the i-v characerictlcs 
are nan-linear in this region. For smaller values of the 
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voltage variation Is entail resulting In less non-linearity. 
One Method to reduce the g dependence of current gain and 
to increase the output impendence, is to use the Wilson's 
current ralbtbrs C$1 shorn in Figure (3*7$ * This will have 
a current gain given by 


*1 . 2 

r- • 1 ♦ g 

X 2 P 2 ♦ 2)8 


(3.1) 


m Complete circuit employing Wilson's current mirrors 
is shown in Figure <3.S>. The characteristics of 
this circuit are found to be quite linear as seen from 
the experimental results shown in Figure® 3*9# 1*10# 

3.11, 3.12. 

3.7 Effect of temperature Variation 

Since the current gain of the mirrors is $ dependent 
and S varies with temperature i even if R w and Rp were held 
constant, the input resistance looking into node A (Figure 
|.2£) is slightly temperature sensitive. This Is investi- 
gated experimentally by raising the temperature of the 
circuit of Figure (3.8) an oven. The characteristics 

(Figure 2.1$) show email changes of the order of 3$ in R R 

end Rp. 

With reference to Figure (3*8), the current gains 
28183 ♦ 28583 ~ 28185 + 28* * $83 ♦_$ 
h" 1 * Ws ♦ 2“ 1*5 - * b 3 
and 


<3.a> 



— ft 



FIG. 131*8) 

COMPLETE CIRCUIT 
USING WILSON MIRRORS 


FIG.(3’7A) 

WILSON CURRENT MIRROR 


FIG.{JT7B) 

NIC USING WILSON CURRENT MIRROR 
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where the subscripts pertain to the respective transistors* 

If the current gain of all npn transistors Is considered 
to be equal (f n ) and the gain of all pnp transistors Is 
considered to be equal (^ p ) also If It is assumed that 
of transistors and Q9 tends to infinity the Equation 

(3*2) and (3*3) will reduce to 

5i. i * i 

** *2 * 2 ®n 

and 

I*. 2 

• 1 ♦ — .... ...... mi 

h 8* + 28_ 

p p 

Thus under the above conditions, the current gain is less 
8 depedent than predicted by Equation (3*2) and (3*3) » The 
temperature sensitivity Is expected to be of the order of 
90 p.p*m. talcing the typical values (from the specif ieatlon 
sheets) of S n and variation of 8 P with change In temperature 
from 25*C to 70*C. 

Further improvement Is investigated by increasing the 
current gain by Darlington connection of transistors Q^ f 
% Q 10* Th ® modified circuit is shown In Figure (2*15). 

It Is seen from the 1-v characteristics of circuit 1, of Figure 
1.15 (Figure 1*16) that the conversion of lt N *** equivalent 
negative resistance is quite temperature insensitive. 

To obtain a temperature Independent conversion factor 
of unity the gain of the mirror should be unity. This can be 
achieved by adding resistors Jtj and It* (shown dotted In Figure 
1.15) and adjusting them to obtain unity gain. 
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A similar modification and adjustment la done in 
the circuit 2. 



chapter 4 

OSCILLATOR PERFORMANCE 
*•1 Circuit Configuration 

In the previous chapters we have seen as to how the 
i-v characteristics of a practical CCNR circuit can be 
mde to approach that of an Ideal pwL characteristics with 
controlled V p , V^,, % etc by making the circuit more and 
more complex. However, for the experimental study of a 
relaxation oscillator, a very simple circuit configuration 
was used to determine the performance (temperature stability 
of the period of oscillation) that can be achieved. 

The circuit diagram is shown in Figure 4.1. forms 
the Input transistor. « 2 »G 3 ,Q lj and ® 5 (CA 3086) form a 
current mirror of nominal gain 3. In order to compensate 
for the voltage drop of the emitter-base Junction of the 
transistor and Gg are used in the configuration 

shown in the Figure (See Appendix i CA 3084 has this 
structure avails* le on the chip which is used to advantage). 
Thus the resistance of 40K appears as -1201 (nominal) at the 
Input terminals . V p and are defined using the resistor- 
dlvlderehaln • 
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RELAXATION OSCILLATOR 
USING SIMPLE C.LNR CIRCUIT 



The transistor Is used to clamp the valley voltage 
approximately * It nay be mentioned that this Is an alter- 
native by which the complementary NIC can be avoided espe- 
eially when Ip *•* 0 is desired (positive Rp ean never be 
achieved this way). The temperature compensation* however* 
is not exact because the current following through and 
will never be exactly equal. But the max discharge current 
of the capacitor (limited by y) can be large (depending upon 
the choice of y) * and thus the difference between the currents 
through the f ~fe $ unctions of Q x and are different only by 
an amount equal to which is kept in the order of 10 to lOOpa. 

The 10MQ resistor connected as shown bleeds a small 
que scent current through the mirror as well as Qg*Q| and Qg 
which is to prevent the overshoot around the peak voltage 
(a® in the earlier circuits). 

The us® of a nominal gain of three in the mirror enables 
us to use a lower resistance to define Rm which reduces the 
power supply pick up as well as the voltage drop across the 
resistors due to reverse saturation currents as well as the 
current due to the 10M8 resistor. A higher gain could be used 
with advantage but due to the restriction of the nuaber of 
devices avail* le on the CA 308* chips this could not be 
employed , 

*.2 Period of Oscillation 

It ean be seen from Figure (A. lb) that the region OB Is 
almost vertical due to the clamping provided by the transistor 
Op. Neglecting the switching time* the period of oscillation 
is primarily governed by the time taken for the capacitor to 





charge' from V T to V p assuming that T is no Eligibly small 
C10H). If r Is tho order of kllohms, tho switching trajce- 
tory will bo as shown by tho dotted linos in Figure 4.1b. 

Under these conditions, the period of oscillation will be 
reduced since the voltage acaa across the capacitor has 
to change only from to V B . 

If the resistance r Is negligibly small, the period of 
oscillation for the sealing shown in Figure 4.1(a) will 
be Tln e 3fe. The period is measured by the arrangement shown 
in Figure 4„i where the sharp negative pulse across r 
during the discharge cf the capacitor, is fed to the counter. 

It is experimentally observed that power line pick up, even if it is 
of the order of a millivolt will produce fluctuations in counts 
because its influence of V p is obvious « The high level Impedance 
at the fcsase of the transistor before it conducts can be very hij- 
Thus extreme care has to be used in shielding the circuit 
using a metallic container . 

*.3 Influence of IcO of Q-i on the Period of Oscillation 

As was pointed out earlier, while the capacitor is charging, 
the emitter-base junction of the transistor <3^ is reverse- 
biased. Its Ktkb* collector-base junction is reverse biased 
as well. The base is operated from a high impedance voltage 
source. Under these conditions, the current flowing into the 
emitter can be computed using £betfs*t4oll relations and It 
will be in the order of I g0 . Typical value of I t0 measured 
is in the range of 0,1 na« Considering that the average charging 



1 f3 

current 1> In the order of tens of mlcro-ampres , the influence 
of this is expected to be less than 1 part In 10 $. Although 
a first order compensation of this can be achieved, this was 
not attempted. 

It was experimentally found that the short-term stability 
of the circuit was controlled by random fluctuations around 
the peak and valley voltages. Since the voltage difference 
between the peak and valley voltages is 6V (for a supply voltage 
of 10V), random drift around the peak and valley voltages of 
the order 6pV will produce fluctuations in the period by an 
amount equal to 1 part In 10^ which is easily measured. The 
measured short-term stability (count to count) was in the 
order of one part in 10 5 . The stability of the peak and valley 
points have to be determined separately by suitable experiment* • 
However, this has not been done. It is envisaged that the random- 
ness around the peak would be dominating factor in the short- 
term stability • Since the circuit is in a high impedance state 

aroupd V_ whereas around V v , the devices carry a fair mwxammk 

of F 

amount ^current . 

*•* Variation of the Period of Oscillation with Temperature 

The variation of the period with temperature was studied 
by ee&llng thetk integrated transistor arrays alone to lee 
temperature. The results are as given below $ 

Period measured at room temperature 25* C 1352.11 msecs 

Period measured at room temperature lifts l*C 135* *91 
Thus the variation was 2.8 msecs in 1352 msecs which is 
approximately 86 ppm/§« . Since the caturatlcn currents increase 
with temperature, the tendency for the peak voltage will be 
*• 



to decrease with Increase in temperature. Further the 
reverse saturation current of the emit ter -base Junction 
of adds to the charging current. Thus, these effects 
add and make the period of m oscillation decrease with 
temperature. The V ss effects cancell because of the com- 
pensation scheme employed. Thus the experimental obser- 
vation is consistent with the expected behaviour. 

H.t Va riation of the Period of Oscillation with Supply 
Voltage 

The variation of the period as a function of the 
supply voltage was determined experimentally . Sable c.X, 
shows the results. The small variation really confirms 
that the peak and valley voltages vary linearly with the 
supply voltage . The small variation, however, is due to 
the non-linear effects such as the voltage dependence of 
the transistor parameters » This has not h fcen computed using 
theoretical models. The variation in the period due to 
supply voltage change is estimated to be 7 f~ ppm/volt 4 ) 





CHAPTER 5 
CONCLUSION 

The design of oscillators based on piece-wise linear 
CCHR, results in simple circuit configurations . Except 
for the t lning elements , the circuit can be fabricated in 
integrated circuit form where the technology Is used to 
advantage in obtaining the temperature compensated perfor- 
mance* While the present ivestlgatlons show that the circuit 
is not good enough for watches, the circuit k fridges a wide 
gap between the high precision crystal oscillators and 
ordinary multivibrators for many industrial timing applica- 
tions. The quittances can be made minimal which makes the 
circuit attractive for battery operated applications * Ho 
attempt has been made to match the temperature coefficients 
of the timing elements 1 and C which have tob % done in order 
to investigate further improvement of the instability arising 
from the semi-conductor device* • As is clear, the coapensa- 

15 

tlon philosophy phased on matching of the transistors In the 

circuit . There are several more complex circuits which have 

to be investigated which would need computer-aided analysis* 

With; the advent of lon-lmplanatatlon techniques, the degree 
W? % . ~ . . 

of ^matching reported a re incredibly low (a few microvolts in 

V gB at quescent current levels as high as 1 ma) . The lateral 

pnp transistors are well behaved at the lew current levels they 

are employed. 



The circuit configurations were restricted fey the 
transistor arrays that were available* Thus the present 
study was restricted to simple structures and fey and large 
the investigations were experimental and analysis very often 


qualitative * 
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Features 

High I c x lOQnA nx. 

I** v ciMt (at 50 *A): 0 .|7au. 

Hatched pair (01 and 02) - 

V^CUMiD : . + 5»V aax • 

V I0 (at InA): 2.5t*A »x. 

5 independent translators plus separate substrate 
eosmeetlon. 


Fi4pawr A4* - Funettonel of the€A3083 


Maxisnss Batin©** Absolute-Maximum Values at T A * 25*0 
Power Dissipation: 

toy one transistor 500 aV 
Total package 750 ssW 
Above 25*C Derate linearly 6.67 wWC 


Ambient fewperatiare Range: 

Operating 

ncvn|i 


-AO to +85 *C 
-55 to +15© *C 



following ratings apply for each translator in the 
device: 


C©lleet©r~t©~®mitter Voltage (V rim ) 
Colleetor-feo-Base Voltage OU*J su 
Coll@ct©r-t@~Subfcrat® Volt&grrV^tn)* 
Emltter-to-Base Voltage (7 m ) iy 
Collector Current (Ie) 

Base Current (I B ) 


15 v 

20 V 
20 V 
5 T 
100 mk 
20 siA 


•The eolleotor of «aeh translator ©f the CA 3003 la 
Isolated from the subtrate by an integral diode. The 
subtrate must be connected to a voltage which Is more 
negative than any collector voltage in order to maintain 
Isolation between transistors and provide normal translator 


action. To avoid undeslred coupling between transistors , 
the subtrate terminal (5) should be maintained at either 
DC or signal (AC) ground. A suitable bypass capacitor can 
be used to establish a signal ground. 



Vr; 


f~ a »c tto fa"* 


/ rJ'tft-UY&yft 


cf iMt CA30t 3 



ELECTRICAL CHARACTERISTICS at T. * 25*8 
For Bqoipnent Bealgn * 
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Sjrwhol 

Type 

CSi&r. 

Curve 

Fig. 

No. 

Min. Typ. 

Max. 

Units 


Collector- 
to -Base 
Breakdown 
Voltage 

V (BR)CBO 

I c -100pA # I E *0 - 

20 SO 

** 

V 

Collector- 

to-Enifcter 

Breakdown 

Voltage 

V (BR)CEO 

l0«lttA» lg*0 - 

15 2k 


v 

Collector- 

to-Subtrate 

Breakdown 

Voltage 

V (BR}CK> 

Icj-IOOwA.Ib-O — 

Ig * 0 

20 SO 


V 

Beitter-to- 

Base 

Breakdown 

Voltage 

V CBR)lBO 

3Eg m 5Q0|MIl $ Xg* 1 © ** 

5 6.9 


V 

Collector- 

Cutoff- 

Current 

T 

CBS 

v CE «*iov»i B «e - 

Mir M* 

10 

pA 

Colie ctor- 

Cutoff- 

ourrent 

X C80 

V^g**10V jlg*0 — 

** *# 

1 

X A 

DC Forward- h»» 
Current ® 

Transfer 

Ratio 

Ig^lCfesA 

V cr *3V 2 

I,j*50bA 

ko fS 
ko 75 

m# 


Base-to- 

Knitter 

Voltage 

Y m 

Vcg-SV.Ig-lfteA 3 0 

.65 0.7k 0-®5 

V 

Collector- 

M A- A- 

w 

¥ CEsat 

Ig“5&#4 * Ig**5®A k 

- i.kO 0.70 

V 


Saturation 

Voltage 


Character- Symbol 
Istlss 


LIMITS 


tfP* 

Cbar . Min , 

Curve 

Fig. 

Mo. 


Typ. Mn*. If* 1 ** 


For Transistor* <31 and <82 (As a Differential Amplifier): 


Absolut* 

Input 


Offset 

Voltage 


Absolute 

Input 

Offset 

Current 


^20 



T 

v CE *3f, I c *1®A 


1.2 5 ^ 


$ 


O.T 2.5 ** 
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f-h-f transistor arm? 

CA308* 


Features ■ 

Hatched transistor pair (81 and 02) 
Pj0(T B g Batched) : nax- 

I I0 (at 100 A) t ♦ 0.6j*A 
Wld® operating earrent range 


Low noise flgtnrs 3 -2d® typ. at llcHs 



if £$ It It la $ g 

Figure Blf Fimeileis&l Diagram of 
the CA30S4 , 


electrical CHARACTERISTICS at Tj* 25*c 




CHARACTERS ST9CB0L 


Charae* 
ter is - 
ties 
Cam 


LIMITS Unit! 

Hint- Typ* Hut* 


Far Each Traiaistors 

Collector- LkgQ T*«*— 10 F *Ig*® 2 — — 0 -055 —1C® ®A 

Cutt-off 55 

current 


CHARACTERS SYMBOL 


-mrwmmm 


Collector- 7~,»- l<nr,I F -0 

Cuttoff *® 0 ™ E 

Current 

Collector- *(b R » 


to-Rnltter 

Breakdown 

Voltage 


taJOHST" 

Tfp* 

Cbara®. Hln. Typ. Max* Units 

fetrAS-* 

ties 

Curve 

yiic.ae* 

2 — pi ss 

-0.12 -100 aA 


-80 -TO - V 


v° 


Collector- V{ M )cbo X cb -1«*A, 

Breakdown 
Voltage 


I EB «100|*A i 

Breakdown I c «0 

Voltage 


Ealtter~to~V,«« *« Tn I« T • IOOjiA 
Substrata wisxo El 

BreaMowa 

Voltage 

Oollcatar- l»«lnt *In*100i»A 

to-Eaifcter * 

Saturation 

Voltage 

Base-to- 
Eaitier 
Voltage 


"law* 

«JS 


DO FcfVlPd h-- 
Currant FK 
Trans far 
Hallo 


%-IOOuA^—IOV 


-to -80 - V 


-to -100 


4© -100 


-0*125 -0*25 V 


it Bft — 

- 0 * 5 ® - 0*55 - 0.68 V 


15 80 


far Transistor 01 and 02 {As a Differential Amplifier) 

8 — 0*822 6 wtf 

i^ioopA,^— iev 


Magnitude 
©f Input |Vtq| 
Offset 
Voltage 


Input 

Offset 

#0* aeeaMMri 4 p 

MKFCTBitw 


10 


—0 *6 0 0 *6 pA 


miACWSIOTZCS SYMBOL 


T IP 


LIMITS 0 

IRiarae- Min. Typ. Max .a 
ter is- 1 

ties t 

Carve * 

F ig, Re, 


For Transistors Q3 and 0k < Current-Mirror Configuration) 

i c v CE «-ior # T CIO *-ior 10 0.85 1*00 1.15 & 


Collector 

Cappent 


Nkgaltsde of 

Collector | I r <a3)/lr ^o*»« 13 * Gnd. 

Current v (ot)l U 0.90 1.00 1.10 

Ratio 1^ • -lOOyA 

Ms# Transistors 05 and 06 (Darlington Configuration) 


Collector- 

Cutoff 

Current 

Base-io- 

Enltter 

Voltage 




l CB0 


V CE — 10T,I b *O 


DC Foseard h*-, 
Current ,FK 

Transfer 
Ratio 


I E «100»A **cs*~l®V 


-1.0 pi 


13 0.92 1.07 1*20 Y 


15 100 1230 


ELECTRICAL CHARACTERISTICS at % « 25*C 
Typical Valises Intended Only for Design Quidance 


Magnitude of Temperature Coefficient 


V BF (for each transistor) { AV«»/ AY | I g »100 A 

V?q (as a differential amplifier) vSg*-10F 

UVAfl 

(Darlington configuration) f Ay BJS /AT| 

For Each Transistors 

Input Resistance IL f *lkHs *V ce*-!0V 

Output Resistance % 

Forward TPans- tL %»-100pA 
conductors 


6 

-1.T8 

mV/* 

9 

0*58 


1* 

-3*7 

mW/ m 


19 - 

9 

ts 

20 • 

600 

## |gH 

22 «* 

3 




CHARACTERISTICS 

STOOL 

— 

vyp. 
Charac- 
teris- 
tics 
Curve 
Vit Jo. 

LIMITS 

Min. Typ. 

C 

n 

Max. I 
t 
a 

Collector- 

to- 

Base- 

Capacitance 

C CBO 

% * 0 

23 

- 3*3 

- pP 

Collector- 

to-Eraitter 

Capacitance 

c CEO 

*CE * 0 

23 

— 2*5 

- pF 

Baee— to— 

Substrate 

Capaeitanee 

C BIO 

I CIQ - 0 

23 

- 4*5 

- pF 


MAXIMUM RATIH0S, Absolute-Maxisam Values at T A -25*C 
Dissipation: 


Any one translator 200 mV 

total package f5© »W 

Won T a * 55*C derate linearly 6.6T aST/*C 

Ambient Temperature Ranges 

Operating -to to -085 # c 

Storage -55 to 4J50 *C 

The following rating® apply for each translator In the doTloot 

Co llec tor-to-E® it ter Voltage -4© V 

Collector-to-Base Voltage (Venal -4© V 

Base-to-Substrate Voltage (Vg^)* -4© V 

B»itter-to-Base Voltage CVwbq) -4© V 

Collector Current (I C T -1© mA 


•The base of each transistor of the CA3084 is Isolate© from the 
substrate by an integral diode* The substrate mat be connected 

t o a voltage which is wore negative than any base voltage in order 
o Maintain isolation between transistors and provide normal 
transistor action . To avoid an desired coupling between transis- 
tors, the substrate terolnal (4) should be Maintained at either 
DC or signal (AC) ground* A suitable bypass eapaeiter oaa be 
used to estalish a signal ground* 






Awmmix c 

n-p-it tramsistor array 

CA3086 


Three Isolated transistors and One Differentially Connected 
transistor Fair 

For Low-Fewer Applications frou DC to 12®MHs 



Figure Cl: Functional Diagram of the 
CA30B6* 

MAXIMUM RATIHBS, Absolute Values (Maximas) at « 25*C 
Dissipation: 


Any one transistor 300 nV 

Total package T5® mV 

Above T^*25*C derate linearly 6 .€7 AU/*C 

Ambient Temperature Range: 

Operatic* -AO to +85 *C 

Storage -55 to + 150 *C 

The following ratings apply fra* each translator ta the devices 

Colleetor-to-Eiiitter Voltage > V rRO 15 V 

Colleetor-to-Base Voltage, V rm 20 V 

Collector -to-Subs brat® Voltages V« T0 » 20 V 

Emitter-to-Base Voltage, V^q '* 5 V 

Collector Current, I<* 50 a* 


•The collector of each transistor in the Ck$QB6 la isolated free 
the substrate by an integral diode. The substrate { terminal 13) 
mist be connected to the most negative point In the external 
circuit to maintain isolation between transistors and to provide for 
normal transistor action. To avoid undesirable coupling between 
transistors, the substrate (terminal 13) should be maintained at 
either DC or signal (AC) ©round. A suitable bypass capacitor can 
be used to establish a signal ground. 
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SUECXnze&Ii CHAHAC7SHISTI€S at T A «25»C 
Typical Talti m Only to Design Guidance 
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